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SUMMARY.

Tests for the purpose of determining the effectiveness of ailerons were made on six model
airfoils in the No. 1 wind tunnel of the National Advisory Committee for Aeronautics. The
method consisted in measuring the rolling moments and aileron moments in the ordinary way.
In addition to this the wing was allowed to spin {reely about an axis in the direction of the air
flow and the angular velocity measured.

The results show that the thickness of the air foil has very little effect on either the rolling
moment or the hinge moment, but that the tapering in plan form somewhat decreases the rolling
moment and hinge moment, although the resulting cfliciency is somewhat higher for the tapered
wings. The airfoil tapered in plan form, however, shows practically no falling off in the rolling
moment at the critical angle of attack, whereas the wings of rectangular plan form show a marked
dropping off in the rolling moment at this point. This indicates that it is possible to obtain
good lateral control with small ailerons at low speeds if the plan form is tapered. The rotational
speed of the different airfoils is practically the same for all of the sections tested.

INTRODUCTION

Many tests have been made to mvestwate the cffectiveness of aﬂerons but most of them
have been made on a single-wing section and this usually of a thin type. In view of the increas-
ing use of the thicker types of section and the use of wings tapering in plan form, it was thought
that it would be of considerable interest to find the effectiveness of similar ailerons on various
wing sections. The following references deal with the subject of ailerons and lateral control:

(1) An Investigation of the Aerodynamic Properties of Wing Ailerons. R. & M. No. 550, No. 615, and
No. 651.
(2) On a Method of Measuring Rolling Moments and Aileron Hinge Moments on a Model Biplane. R. &
M. No. 512.
(3) Distribution of Load Over Wing Tips and Ailerons. N. A. C. A. No. 161.
(4) Mcasurement of Control Moments on an Airplane in Flight. Zeitschrift fur Flugtechnik und Motor-
luftschiffahrt, Vol. X, Nos. 21 and 22, 1919.
{5) The Control of a Laterally Stable and Laterally Unstable Airplane. R. & M. No. 209.
(6) Lateral Control of an Aeroplane. R. & M. No. 413 and No. 441.
(7) Experimentson an Aerofoil with Flaps Extending Along the Whole Length. R. & M. No. 319,
(8) Experiments on Models of Aeroplane Wings at the National Physical Laboratory. R. & M. No. 110,
Section IV, Experiments on an Aerofoil Having a Hinged Rear Portion.
Section V, Experiments on an Aerofoil Having a Hinged Rear Portion when TForming the Upper
Member of a Biplane Combination.
(9) Experiments on Models of Acroplane Wings. R. & M. No. 152.
Section IT, \erofoils with Flaps.
(10) Lateral Stability. . & M. No. 133.
(11) Bulletin of the ’\erodvnamm Institute of I\out(_hmo No. T, 1912,

DESCRIPTION OF APPARATUS AND MODELS.

The tests were all made in the N. A. C. A. No. 1 wind tunnel at an air velocity of 30 m./sec.
(67.3 miles/hour) on two series of airfoils, all having the same area and fitted with ailerons of
the same arca. The first series had a rectangular plan form (fig. 1) with various air-foil thick-

3



4 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONATTICS.

nesses, while the second series had the same section but varied in plan form. All of the sections
used were derived from a master section No. 64, and full dimensions of these models are given
in Table I and Table II. : N

A device (fig. 2) was designed to measure the angular velocity of an airfoil about an axis
parallel to the air flow. This apparatus consisted simply of a horizontal spindle mounted in ball
bearings and supported in the center of the tunnel by wires. The model airfoil was attached to
the upstream end of the spindle in such a way that the angle of attack could be easily varied.
At the other end of the spindle was attached an clectric speed indicator.

The hinge moment and rolling moment were measured by a balance mounted on the roof
of the tunnel and connected to the airfcil by a fine wire. This balance (fig. 3) was operated
automatically and saved a great deal of time in making the readings. The principle of this
balance has been given in N. A. C. A. Technical Note No. 30.
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Fic. |-Plan of airfoils.

~ An apparatus (fig. 4) was used to support the airfoil in ordef to measure the rolling and
aileron hinge moment. At a point 17.78 em. (7”') to the center line and 2.54 cm. (1) from the
leading edge the wire extended from the airfoil up to the balance. For the aileron hinge
moments this wire was fastened to the trailing edge of the aileron and extended down through
the tunnel to a counterweight below. The moment was measured on one aileron, but, as in the
other tests, the opposite aileron always had the proper angle. In order to reproduce the same
air flow as in other tests the hinge crack was covered with thin paper to prevent air flowing
through.

_ PRECISION.

The models used in this investigation were cut from laminated maple stock and finished to
within 0.125 mm. (0.005’") of the given dimensions. In nearly all cases the rolling moment
could be checked with a precision of 3 per cent, but the aileron moment is not precise to
better than + 10 per cent. The wire used in measuring the forces introduced a force in all the
readings for the ailerons due to a wire drag of 16.5 grams at a point of attachment of the
wire to the ailerons. This force was corrected according to methods used in R. &M, No. 512,
Due to the fact that some of the models were not quite symmetrically mounted in the tunnel,
an initial rolling moment was produced at a zero angle of attack in some cases. o



F16. 2.—Spindle for revolving airfoils.

Fic. 3.—Semi-automatic balance,
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Fi1a. 4.—Apparatus for supporting alrfoils.
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RESULTS.

The rolling moment coefficients for the various airfoils tested are tabulated in Table III
The absolute coefficient used is given by:
L
ORM=

7he

where the symbols have the usual meaning. The rolling moment coefficients are also plotted
against lift coefficients for a few of the airfoils in Figures 5 to 7.

The hinge moment coefficients are given in Table IV, the coefficients being defined by the
following equation: q

Oﬂ=q—m

where A is the area of the aileron and % the distance from the hinge to the center of area. The
coefficients for a few of the airfoils are plotted in Figures 8 to 10.

The effectiveness of the ailerons are measured by the ratio of the rolling moment to the
hinge moment and these values for the airfoils tested are plotted in Figures 11 to 13.

To graphically summarize the information given in the preceding tables and charts, curves
are given in Figures 14 to 17, where the rolling moment, the hinge moment, and the aileron
effectiveness are plotted against the thickness of the airfoil for the rectangular plan form and
against the degree of taper for the wings with tapered plan form. I and I are given in gram-
centimeters.

The ‘angular velocity of the various airfoils when freely spinning in the wind tunnel are
plotted in Figures 18 to 21. The spinning velocity for 5° angle of attack for the various air-
foils tested is given in table below:

SPINNING VELOCITY.
(R, P. M)
5° ANGLE OF ATTACK.

'
Afleron | oo | r
angle. No. 64. ero. 66. | No. 59. [ No. 72. i
5 95 67 —_ 60 !
10 165 140 150 130 l
15 — 205 200 200 |
20 20 | 250 256 257 |
30 w o= > =
LCONCLUSIONS.

The rolling moments for the rectangular wings are practically constant for all thicknesses
of airfoil. At high angles of attack, however, the airfoils in all cases show a sharp decrease
in the rolling moments, the thicker sections falling ofl perhaps sooner than the thin ones. The
reason for this phenomenon can be made clear by reference to Figure 22 where the Iift curves
are plotted for an airfoil having a +20°, 0° and —20° aileron. The rolling moment with posi-
tive and negative ailerons will be proportional to the difference between the upper and lower
curves. This difference is plotted in Figure 23 on the same scale as the other airfoils, The
similarity of the curve with the corresponding curves from actual test is striking.. The hinge
moments decrease somewhat with the increase of airfoil thickness, thereby causing the effective-
ness of the ailerons to be somewhat higher for the thicker sections.

The series of wings tapered in plan form show a decrease in both rolling moment and hinge
moment with an increase in taper. However, the effectiveness increases with the increase
in taper, and in general the tapered airfoils are considerably more efficient than the rectangular

“ones. The most interesting property of the tapered airfoils, however, is that the rolling moment
does not fall off at the high angles of attack nearly as rapidly as for the rectangular ones. This
fact leads us to believe that the lateral control with tapered wings will be much more effective
at low flying speed than with the ordinary type of wing.
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The angular velocity of the wings gives us a very close criterion of the maneyvering prop-
At low angles of aileron the tapered airfoils, con-
trary to what we should expect, show a lower spinning velocity than the rectangular ones,
but at higher angles of aileron the spinning velocity is practically identical for all of the scc-

erties of a similar wing when used in flight.

tions tested.
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Ordinates for Airfoil No. 64—Constant section throughout.

TABLE I. TABLE II.
Station [ i . o
. . H . Ordi- | Maximum ordi-
St | camber. | camber. nates of mates Iy Inches in
H Tefnd No. 64 > Xi-
_?Yf?{dg L - _-\’\qr;ml conter ! mum chord. Description of plan form.
o I 2 20 contror ——
5%6 g ‘;g : 88 span. | Upper. | Lower.
5.00 7.80 . .00 i
7.50 9.60 | .00 . - . .
10 1107 ' 00 59 133 0.636 0 Tapered 4‘4;)@1 chord at cenler to 2-inch chord at tip.
15 13.08 ' J00 61 100 ATT 0 Constant 3-inch chord.
20 14: 33 .00 66 73 .358 0 Do.
30 15.73 ‘00 68 126 . 600 0 Do.,
33.33 | (1390 .00 69 43 - 230 0 Do. . :
) "15.73 .00 72 200 .954 0 Tapered 6-inch chord at center to 0-inch chord at Lip.
50 14.85 | .00 _
60 1.1 .00 -
70 .95 | .00
2 840 | 00
99 5.50 *‘ .00
85 3.95 | .00
100 1.15 | 1.15
TABLE III.
Rolling moment coefficient.
Aileron | Angle ol ‘ No. 69, .
angle attack | No.08. ;. No.6d. No.66. | No.53. | No.72,
5. a. Cru
° ° - :
0 0 0.026
5 L 044
10 . 038
15 —. 182
. 20 —. 084
25 —.021
5 0 212
5 L2302
10 . 320
15 —. 110
20 —. 028
25 . 063
10 0 L3342
5 .204
10 L4186
15 —. 064
20 . 036
25 L172
15 [ . 507
: - 5 .483
19 . 450
15 081
20 176
25 L2009
20 0 .652
5 . 608
10 588
15 L 198
20 .242
25 242
25 0 L7I8
5 .73
10 .745
15 L2584
20 L2914
25 .250
30 0 L R52
5 . 830
10 880
15 L 384
20 . 378
25 . 362
35 ¢ . 960
5 L9584
10 906
15 .310
20 .352
25 . 410
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EFFECT OF ATRFOIL. THICKNESS ANXD PLAN FORM ON LATERAY. CONTROL.
TABLE IV.
Hinge moment coefficrents.
No. 88. No, 64, No. 69. No. 86, No. 59. No. 72.
CH H CH CH CH "
Angle | Aile- D I D D Angle | Aile-
of | ‘ron I(+Down) (=Up) (Down +)| (~Up) (Down )} (Up~) . of | ‘Ton
{Down+)| (Tp—) (Down+)| (Up—) (Down+) (Up-—)
at:,fck ax;t-gle Cr Cu Ca Cu Cx Cu P atct'ack ars'gle )
o e L o
0 0] —0.32)|-0.28 -0.23|-0.25 0.03 | —0.08! —0.19{ —0.21 0 0| —0.02|-0.101 —0.07........
10 —. 58 .31 — 4 .12 —.42 .42 —.55 .23 5 —.24 .03 —16 |oe.o....
20 —.84 .53 -7l .40 —.90 .79 ~.90 .82 10 —.35 .21 —.21] 0.08
30| -108 72l -0 82¢ ~138) L2 —L4] 105 15 —.46 .39 —.281 .11
35| —137 78 —L2r | 62l 20 ~.66 .53 —.351 .19
25 -7 .62 —.45] .28
5 0 —.31] —-.31 —.62 .01 —19| —.91 —.28| —.29
10 —.50 | —.0¢ -39 .00 —.39 .31 —-.72 17 5 0 -2 —.15 —12 ] —.09
20 —. 81| —.2 —.89 2810 —104 831 —~1.09 .51 L3 FOUR AR —.21 | =02
30| —146 64| —-129] 1181 127 .95 —Lo4 88 10 —.50 .08 —.23] .03
35| —L71 .82 ~147| 136 .. 15 e —.371 .09
) 20 —.79 .39 —48] .15
10 0 — 49| —.69 —.40 | —.38 —.33 | —.32 —.37T) —.36 25 —.89 .62 —.53 .28
10 —811 .15 —.69] —.08 — | 14 —.5 | —.06
20| —1.26 .22 —.% .26 —.74 64 —1.06 .58 10 -] -1
30 —-1.92 .42 L35] (61| —~1.28 .93} —155| 1.00 —.27 | —.07
35| -—2.62 .64 —154 82 L .35 | —.01
—.52| .03
15 0 55| —.52 —46 | ~.51 —.371 —.49 —.51 | —.05 —.55| .08
10 -9 —.16 —.78] —.18 —.61 —.02 —.83| —.05 —62] .14
20 —148. .M4! -110] .20 —.95] 34! -—1n23| .28
30| —206' .35: —15t! .8! -—ra!l .7l —18 .68, 15 -2 — 14
3B —2.21 480 —1.59 80 oo e ceeees i —.gé .06
20 0 —.85! —.65 — 46! —.62 —.63] —.80 —.69 | —.68] —d6 | .01
10 —L21| —.35 —.85| —.21. 89 — i) <1181 — 14, —.52] .13
20 —1.62 (10 —1.23 00 —110 011 —1.36 .10 —.50 12
30| —2.09 J19] —1.39 320 —1.42 .40 —1.63 .31
3] —2.77 .26 —1.55 52 e 20 0 — 42 —.03 —.2 | —.13
’ |+ L A, | I —~.50 | —.08
25 0] —.stl —.62 - 71| =74, —.68] —.&4 —oLf —721 10 —.710 80|  —.411 —.05
10} —Lo8! —.35 —.92| — 407 .85} —.18) —LI18| —.41| 150 beeesesns — 47
20] —141] —20] ~LIS| —11. —L21] —12: —L32§ —17; 20 2100 1.20 -.581 .03
0| —1.8 3] —~1L71 2260 —L571 4012 —L.96 .16 25| —1.30 ........ —.63] .11
351 —1.98 5] ~1.87 .36 A SAIE LRI RS 1







